Introduction
Several studies over the last decade have reported on the use of the pedicle subtraction osteotomy (PSO) to correct sagittal and coronal deformity. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Few studies specifically evaluate the perioperative complications related to this procedure. 5, 8, [11] [12] [13] The reports that detail the complications of PSO originate out of a few major centers that were instrumental in perfecting and teaching the technique. As the use of this technique disseminates from the originators to other tertiary spine centers, the rate of complications may change. It is important to evaluate the complications of a newer surgical technique as its use spreads to those with less experience in the specific technique. The purpose of our study was to
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Abstract
Study Design Retrospective case series. Objective To describe the perioperative complications (0 to 90 days) associated with pedicle subtraction osteotomies (PSOs) performed at a tertiary spine center by two experienced spine surgeons who recently adopted the technique. Methods We reviewed all 65 patients (47 women and 18 men; mean age 60 years, range 24 to 80) who underwent a PSO at our institution. Descriptive data and analysis of complications were limited to the perioperative time (within 90 days of surgery). Data analyzed included operative time, length of stay (LOS), estimated blood loss (EBL), blood products, comorbidities, neurologic complications, and medical complications. Complications were rated as major and minor. Radiographic data was also analyzed. Results Ten patients (15.4%) had a major complication, and 15 (23%) had a minor complication. There were three perioperative deaths. The most common major complication was neurologic deficit (6.2%, 4/65), three with a permanent foot drop, and one with paraplegia secondary to postoperative hematoma. There were no differences between patients with and without a major complication in regard to age, gender, comorbidities, operative time, number of levels fused, and EBL (p > 0.05). Patients with a major complication had a longer intensive care unit stay (p ¼ 0.04). There was no difference in the rate of major complications between the initial and later cases performed. Conclusion The major complication rate for pedicle subtraction osteotomy was 15% and the minor complication rate was 23%. The most common major complication was neurologic deficit in 6.2%. The complication rate did not change with increased surgeon experience.
describe the perioperative complications (0 to 90 days) associated with PSOs performed at a tertiary spine center by two experienced spine surgeons who have more recently adopted the technique.
Methods
After International Review Board approval was obtained, we retrospectively reviewed our spine database for all patients who had undergone a PSO of the lumbar spine at our institution from 1999 to 2011 (►Fig. 1). All procedures were performed by the two senior authors (M.D.D., D.S.B.) at one institution. Our surgical technique followed the description by Bridwell et al utilizing a standard Jackson frame, a high-speed drill, curettes and osteotomes for creation of the osteotomy, and thrombin-soaked collagen sponge as a hemostatic agent.
14 The PSO was closed using a combination of compression and sagittal in situ bending of two rods across the osteotomy. Additional rod fixation (i.e., two additional rods across the PSO) was added at the surgeon's discretion but not routinely used in this series of patients. The PSOs were performed at T12 (2), L1 (2), L2 (17), L3 (33), L4 (9), and L5 (2). All patients who underwent a PSO at our institution were included in the study, and none were excluded. Both senior authors had greater than 10 years of experience as spine surgeons before performing their first PSO procedure. We recorded patient demographics, diagnosis, comorbidities, complications, estimated blood loss (EBL), blood products received, operative time, intensive care unit (ICU) stay, hospital stay, number of levels fused, number of prior surgeries, and radiographic cervical C7 plumb line (sagittal vertical axis) as well as pre-and postoperative pelvic parameters (►Tables 1, 2, 3).
We categorized the complications as major and minor. The major complications included neurologic deficit, deep wound infection, myocardial infarct, pneumonia, respiratory distress, deep vein thrombosis, pulmonary embolus, and death. Minor complications included ileus, superficial infection, 
Results
Sample statistics including the number of minor and major complications are listed in ►Table 1. The mean duration of surgery was 438 minutes (range 256 to 768), the mean ICU stay was 1 day (range 0 to 5), and the mean hospital stay was 7.6 days (range 3 to 24). The mean EBL was 2,371 mL (range 450 to 9,000). A mean of 2 U of packed red blood cells was given during surgery, and a mean of 3 U of packed red blood cells was given in the perioperative period. A mean of 1,130 mL of salvaged red blood cells was given (range 250 to 4,000). The mean value of pelvic incidence was 59 degrees. The mean values of sacral slope were 24 degrees preoperatively and 32 degrees postoperatively (p < 0.001), and the values of pelvic tilt were 35 degrees preoperatively and 27 degrees postoperatively (p < 0.001). The mean C7 plumb line preoperatively was 118 mm and postoperatively was 53 mm (p < 0.001). The mean lumbar lordosis was À16 degrees preoperatively and À41 degrees postoperatively (p < 0.001), for a mean correction of 25 degrees.
Eighty-four percent (55/65) of our patients had at least 1 prior surgery, and 60% (39/65) had 2 or more prior surgeries (►Table 1). Eighty-six percent (56/65) had at least 1 comorbidity, and 51% (35/65) had 2 or more comorbidities present at the time of surgery.
Either a major or a minor complication occurred in 31% (20/65) of patients. Major complications occurred in 15% (10/ 65) of patients, and minor complications occurred in 23% (15/ 65). There were 3 perioperative deaths: 1 patient died secondary to a pedicle screw placed in the L1 vertebral body where an aberrant aortic artery had eroded into the vertebral body and 2 patients died postdischarge secondary to narcotic pain medication overdose. The most common major complication was neurologic deficit in 6.2% (4/65): 3 had a permanent foot drop, and 1 had paraplegia secondary to postoperative hematoma. The incidence of each major, minor, and intraoperative complication is listed in ►Table 4. Overall, there were 11 reoperations: 3 patients with deep postoperative wound infections with 2 of them requiring 2 irrigations and debridements (5), 2 patients requiring hardware revision, 2 patients with acute proximal functional failure, 1 patient with a epidural hematoma, and 1 patient with acute postoperative hemorrhage secondary to a screw placed in the aberrant aortic artery (who later died). There was no significant relationship between any of the patient and clinical variables and the presence of a major complication, except for the length of ICU stay (p ¼ 0.04; ►Table 5). The incidence of major complications collected from 1999 to 2011 was evaluated, and no temporal correlations were noted between the PSOs that were performed early versus those performed late in our study period.
Discussion
The reporting of results and complications with the technique of PSO has come primarily from centers that originated and perfected this complex procedure. [4] [5] [6] 12 As with many surgical techniques, the results and complications of PSO may differ between surgeons and centers that have varying degrees of experience with the technique. The purpose of our study was to evaluate the perioperative complications associated with PSO at a tertiary spine center in which the technique was recently adopted. Our technical results were similar to prior studies as evidenced by our radiographic and sagittal correction data. Our mean improvement in lumbar lordosis was 25 degrees, compared with 30 degrees reported by Berven et al, 4 33
degrees by Bridwell et al, 5 and 24 degrees by Ahn et al.
6
Our perioperative data is comparable to previous reports on PSO. If we compare the operative time, EBL, blood products transfused, and hospital stay, our mean operative time (7.3 hours) was less than that reported by Bridwell et al (12.2 hours)
5 ; however, they included total operative time, which included patients who underwent combined anteroposterior fusion. Our mean EBL (2,371 mL) was similar to that reported by Bridwell et al (2,386 mL) 5 but less than that reported by Ahn et al (3,520 mL). 6 Our mean hospital stay (7.6 days) was lower than that in previous studies. 6 Operative and perioperative blood transfusions were similar across studies.
5
Comprehensive data including the perioperative complications has been rarely reported in prior studies. Ahn et al reported 28 intraoperative complications in 25 patients. 6 The highest reported complication was dural tear (17 patients). Two patients had nerve root injuries. Our rate of dural tear was 18.4%. Overall, they reported 55 complications in 38 patients. The most common complications were instrumentation-related, followed by pseudarthrosis and pneumonia. Five patients had neurologic deficits (6%), which was similar to our rate of neurologic deficits of 6.2%, but higher than the 2.8% reported at long-term follow-up by Buchowski et al.
12
PSOs are performed most commonly as revision procedures in middle-aged and older women. The mean age of the patients in our study was 60 years; in the study by Bridwell et al, 53.4 years; and in the study by Ahn et al, 54.4 years. In our study, 85% of our patients had at least one prior spine surgery, which was similar to other reports. [4] [5] [6] When we analyzed patients with major complications, age and revision were not significant factors (►Table 5). However, this data may be impacted by the fact that most of our patients were over 50 years of age and most had prior surgery. If we compare our data with that reported for longer fusions in the older population, the complication rates are similar. 15 The only correlation of a major complication in our study that was significant was length of ICU stay, which was not surprising as the major complication likely resulted in an increase of ICU days required. Our perioperative death rate was higher than that reported in other studies and highlights the psychosocial and technical complexity of patients undergoing multiple-revision spine surgery due to deformity. We had three deaths within the 90-day postoperative period. One was surgically related to an aberrant aortic artery that had eroded into the L1 vertebral body after multiple-revision spine surgery. This complication occurred prior to the initiation of the PSO during routine placement of an L1 pedicle screw that violated the aberrant aortic artery. The other two were due to narcotic pain medication overdose in the postdischarge period. Overall, our complication rates are similar to that reported out of centers with the initial experience in performing PSOs. The senior surgeons in our study were both experienced (>10 years) spine surgeons prior to performing their first PSOs, and the complication profiles were not temporally correlated with increased experience in performing this procedure. Inexperienced spine surgeons may have different results when initially performing this complex procedure.
Our study is limited because it was retrospective and did not have controls for potential confounding factors. One strength of our study is that we included all patients who underwent a PSO at our institution and we captured all perioperative complications.
Conclusion
Our perioperative complication rates were similar to those previously reported from the initial centers with experience performing PSOs. The complications were not related to age, operative time, number of levels fused, prior surgeries, presence of comorbidities, or increased surgeon experience in performing this procedure.
